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Fiber lasers

Fiber laser diagram 
(Cross sections shown for display purposes.

The fiber laser has a monolithic structure.)

Key features:
• Closed cavity - no contamination

• Fiber architecture - no misalignment

• Diode pumping technology is more reliable

• Distributed thermal load

• High electrical efficiency

• Leverages Billions of $ of investment from industry

• Components built to Telcordia standards

(can be even more stringent than space flight)

• Availability of parts

• Wavelength flexibility

Pump

diodes
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Fiber lasers

State-of-the-art January 2006
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Free-Space Laser Communications
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Satellite Optical Communications
Mars Laser Communication Demonstration

• 5 W Ytterbium doped-fiber amplifier
(1.06 mm )

• High order Pulsed Modulation with
concatenated coding

• Hybrid inertial/beacon pointing &
stabilization

• Not to Exceed 88 Kg and 225 Watts

Mars Laser

Terminal

Hale

Telescope

& Mount

Optical Fiber Conference 2005 Paper OWA1

The Mars Laser Communications Demonstration

Project: Truly Optical Transport, Don Boroson et al.
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Free-Space Laser Communications
 50 Mbps Quaternary Pulse Position Modulation (Q-PPM)

Link Experiment
1 Watt Yb Fiber Amplif ier

QPhotonics Laser

Eagleyard DBR laser in TO-3 package 

PMF

EO Space LiNbO3 modulator

Optical Isolator

To        From Fiber Amp

PPKTP

1064/532

Harmonic

Separator

1064 nm detector

532 nm detector

Eagleyard DBR

QPhotonics Fiber

Coupled LD
EO Space

Modulator
ORIsolatorFiber Amplif ier

PPKTP

Harmonic

Separator

1064

detector

532 detector

50 Mbps QPPM rf  Signal

Focusing

Lens

Collimating

Lens
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Goddard
Space

Flight Center

Free-Space Laser Communications

Ytterbium fiber MOPA laser transmitter
50 Mbps data at 1064 nm and 532 nm

1064 nm Received Signal

532 nm Received SignalData taken with Yb fiber amplifier

at 1 W average power output, seeded

with DBR laser at 60 mA (20C)  or

optical power of 7 mW.

-60

-50

-40

-30

-20

-10

0

10

1062.0 1062.5 1063.0 1063.5 1064.0 1064.5 1065.0

Eagleyard DBR Spectral Data
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Goddard
Space

Flight Center

Fiber laser

NASA leverage for exploration and science

Optical Fiber Conference 2006
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Laser Ranging/Mapping
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ICESat single track

Pushbroom concept

Planetary
Laser Mapping/Ranging/Altimetry
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    Swath Mapping Altimeter Measurement Options

Typical Laser Receiver Measurement Technique

Modulation Duty Cycle Analog Multi-photon Single Photon

& wavelength & Pk Power

Pn Code 50%

532 nm Watts N N Yb fiber, SPCM

770 nm N N Er fiber, SPCM

1064 nm N N Yb fiber, IPD*

Low Duty Cycle 1%

532 nm ~20W N Yb fiber, MCP-PMT Yb fiber, SPCM

770 nm N Er fiber, MCP-PMT Er fiber, SPCM

1064 nm N Yb fiber, IPD Yb fiber, IPD

MicroPulse 0.01%

532 nm KW Uchip, Si APD Uchip, MCP-PMT Uchip, SPCM*

Yb fiber, Si APD Yb fiber, MCP-PMT Yb fiber, SPCM

770 nm N Er Fiber, IPD Er fiber, SPCM

1064 nm Uchip, Si APD Uchip, IPD Uchip, IPD*

Yb fiber, Si APD Yb fiber, IPD Yb fiber, IPD

Swath Mapping Laser Altimeter
Measurement Technique Options

* - initial work

Increasing

Measure-

ment

Efficiency

Higher

peak

power

Narrower

line width

for laser

0.5 nsec 

wide pulses 

10 usec period            time
 (100 KHz)

a.

b.

c.

Goal
Summary:

 Concentrate work in lower RH region
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1570 nm PN code measurement demonstration
Breadboard & Optical test range

~206 meters

Electronic modulator/amplifier

DFB 

Laser

 diode

Electro-optic modulator

Polarization controller

PN Code Generator       EDFA (1570 nm)

Cooperative target

Tree trunk

PMT 
housing

HV 
Supply
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Demo Experiments - 1570 nm,
100 MHz PN Code modulation & Flat (impulse) target
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Specifications of Prototype 
Pulsed Ytterbium Fiber Laser
for Swath Mapping Altimeter 

< 5% variation in average power over one hour of operation (Testing

conditions: 10 watts at a rep. rate of 1 MHz and pulse width of 1 ns)

Output power stability

1 kW – 10 kW adjustable (at a rep. rate of 1 MHz and pulse width of

1 ns)

Peak output optical

power

10W average power at 1 MHz repetition rate with 1 ns pulse widthOptical output power

M2<1.4Output beam quality

The output pulse on/off ratio in time should be better than 1000Pulse on/off ratio

0.1 MHz – 2 MHz in 10 kHz increments (user selectable)Pulse repetition rate

0.7 – 1.5ns FWHM (any pulse width in this range is acceptable)Output pulse width

-20 dBc maximum value over 900-1200 nm out of band power

excludes 1 nm carrier bandwidth

Maximum output port

out of band power

density

< 200pm while operating at 10 kW peak with 0.7 ns pulse width at

100 kHz rep rate

Output Spectral

bandwidth

Single Wavelength between 1040-1070 nm  (No tunability is required)Center Wavelength
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Electro-Optic 2-D Scanning Imaging Lidar for Pose
Sensing, Robotic Docking, and Hazard Avoidance

Scanning laser
Output window

Receiver Telescope

Collimating
Optic

2-D  EO
Scanning Head

Shielded
Fiber Cable

Receiver
Telescope

Variable Output Laser Transmitter (VOLT) is
based on new flight qualified seed laser,

developed under DDF and ESTO.  Seeds diode
pumped Yb:fiber amp for long range imaging

and ranging.

Sparse Footprints:
N# shots per pixel for

long range target acquisition...

Space Station Robotic Arm

EO Scanning output is
capable of variable
point cloud image
production in real

time: pixel density and
refresh rate.

No moving parts and
all-solid state deisgn
means long lifetime,
low mass, high effic.

Allows scalable field
of view, and can switch
to direct ranging mode

down to 0 cm range
(contact).

Contiguous footprint
pattern for optimum

coverage and refresh rate...
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Laser Imaging System Packaging

2-stage SYFA

(3-pumps/stage)

Diagnostics

Pulsed Seed

Seed Driv er

1st stage tap

YFA Diode Driv ers

3rd Gen  diode seeder

Fiber amp package potential:

current state of the art examples

All the components have been demonstrated in

the lab.  Now we have to begin the process of

optimization and integration such that a

complete, discrete scanning system if shown

viable for further development for out-of-lab

demonstrations.
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Atmospheric Gas Detection/Mapping
WATER VAPOR
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 Water Vapor Absorption @ 935.68 nm, 17 Torr

 (Saturated from Vacuum), ~23C˚ and

in a 0.4m Optical Path using DBR A#7.
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 = 4.8 pm

Transmission through 0.4m of pure water vapor at 935.68 nm, 

at ~12 mBarr and ~23C˚.  The solid line is a numerical fit 

to the absorption profile. 

Laser Sounder Concept - Differential Absorption

--Sounder based concept--total water vapor column content
--Temporal resolution --Pulsed source --Back scatter cloud and aerosols
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Mars Laser Sounder for Global Measurements 
of Water Vapor from Orbit

Laser Foot Print ~100m
Separated by ~200m

Concept: Polar Orbit
Global Column 
Water Content

Nadir Viewing

Atmospheric

Lidar

50 ppt.μm of Water Vapour
In Column (Wet Season!)
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Transmitance as a function of Wavelength 
for the 935.5 and 935.52 Water Vapour Aborption

Lines at ~23 C˚ and ~5 mbar

Wide tuning  and Low Pressure ~Wavelength Calibration

Water vapor measurement
for the 934.506 & 934.521 (10700.6 cm-1)  H2O Absorption.

5mbar ~23C 10m
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Nd fiber amplifier (930 nm)
(for Mars-orbital Water Vapor Laser Sounder &

   NOAA ground based water vapor lidar)

0.5 W Nd-doped  Optical Fiber Amplifier Output spectrum at ~17dB gain,
output power ~100 mW

Expected ~25 db gain between 915 & 930 nm
15 Volt 10 amp power supply
Include up to 5 amps for onboard TEC coolers
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Nd fiber amplifier (923 nm) MOPA

���������	�
�

��
 ����� ����� ���� ����� �������� �������

Nd fiber amp

Optical Isolator

923 nm 100 mW
DFB laser diode
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Atmospheric Gas Detection/Mapping
CARBON DIOXIDE
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Laser Sounder for Remotely Measuring
Atmospheric CO2 et al. Concentrations

[Earth and Mars]

=770nm -  1KHz pulse r ate

 



June 28, 2006 ESTC 2006 - Krainak 25

Laser Sounder
CO2 vertical profiling via pressure broadening

Vertical sensitivity as a function of frequency for a line near 1.6 μm:

Line centers more sensitive to high-altitudes (Doppler broadening dominates)
Line wings more sensitive to low-altitudes (Pressure broadening dominates)

Frequency (wavenumbers)
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Open Path Atmospheric CO2 Measurement
Test Range ( 206 m one-way path)

Test Range
(laser path highlighted)

~200 meter
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Keopsys 7W custom Er fiber amplifier

Large Mode Area fiber
amplifier ( Lew Goldberg)
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Measurement of atmospheric CO2 with
Laser Sounder Prototype Instrument

HITRAN theory and measured (N=2000) atmospheric transmission

 at NASA Goddard Greenbelt, MD for 206 m one-way path on 11/21/02 at 4:50 PM EST.
(2000 averages - 200 Hz sweep rate - line scanning technique)

 One Parameter (Transmission) Fit
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Single point cal/val measurement system
LICOR  Measures both H2O and CO2 

Licor Reference Gases

Sample/Reference 
Gas Selection
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Fiber-laser-based
Differential Absorption Lidar for atmospheric CO2
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Fiber-laser-based Differential Absorption Lidar

Cloud Echo Signals
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Fiber-laser-based Differential Absorption Lidar

Aerosol and first attempt for

CO2 differential absorption returns
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Atmospheric Gas Detection/Mapping
OXYGEN =>

TEMPERATURE AND PRESSURE
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Oxygen A-Band

Spectra

Calculated atmospheric
transmission for 100 m path

at STP

Advantages of Oxygen A-Band

for Pressure Measurement

•  Oxygen is well-mixed in atmosphere

•  Free of atmospheric contamination

•  Others have used this spectral region
and measured pressure to ~ 1 mbar
and temperature to 1°C accuracy

•  Silicon detector efficiency optimized
in near IR

•  Laser sources available
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Oxygen (Pressure/Temperature) Measurement
Fiber Laser Transmitter Approach

• Distributed Feed Back (DFB)
Laser Diode seed laser

– Narrow band (~1 MHz),
tunable, low-power,
fiber coupled oscillator

• Erbium-Doped Fiber
Amplifier (EDFA)

– Efficient, single-mode,
high-power amplifier

• Periodically-Poled (PP)
Potassium Titanium Oxide
Phosphate (KTP)

– Efficient (60%),
frequency doubling
crystal

Advantages of transmitter
approach

– Tunable, narrow
frequency, high-power,
single spatial mode, 770
nm, rugged, light-
weight, efficient, modular

Fiber optic
Isolator

1540 nm
DFB laser

1540 nm
C-Band EDFA

power
supply

&&'(&
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Fiber Laser Transmitter for O2

 Tuning of the fundamental
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Fiber Laser Transmitter for O2

Frequency Doubling Results

Photo of 30 mm PPKTP
crystal in temperature-

controlled enclosure
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Wavelength Scan of Oxygen Line
(With External cavity diode laser)

(763.3 nm) in Gas Cell
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Atmospheric Gas Detection/Mapping
METHANE and possibly

ALMOST ANY GAS
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Laser Sounder Transmitter
for Atmospheric Methane Sensor



June 28, 2006 ESTC 2006 - Krainak 42

High-power tunable laser for methane spectroscopy

Yb fiber transmitter pumping an
Optical Parametric Oscillator (OPO)

Yb fiber amplifier

OPO



June 28, 2006 ESTC 2006 - Krainak 43

High-power tunable laser for methane spectroscopy

OPO output wavelengths

Measured OPO signal output wavelength

(left-side ordinate) as a function of master

oscillator wavelength for the 30.0 micron

periodically-poled lithium-niobate crystal

grating spacing at three different crystal

temperatures.  Right-side ordinate shows

calculated idler OPO output wavelength as

a function of master oscillator wavelength.

This can be achieved by using mirrors

with the proper transmission and coatings

in the mid-infrared (i.e. near 3 microns).
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Comparison of methane absorption line strengths

near 1.65 and 3.25 micron wavelengths.
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Narrow Linewidth/Single-Frequency
Fiber Laser/Amplifier Limitations

Stimulated Brillouin Scattering (SBS)
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NASA SBS Testing - Single Power Stage Breadboard SBS Limits
Input: -7.5 dBm - Preamp current: 0.14A - Plate Temp: 19 degC
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Er Fiber Amplifier (2W)

SBS Limits

Below ~12W
peak, SBS has
little impact
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SBS mitigation with new fiber designs

CLEO 2006
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Fiber lasers and amplifiers

SUMMARY (1)

• NASA’s weight, power, reliability, and cost requirements for future

space-based laser instruments demand new approaches

• Fiber lasers and amplifiers offer numerous advantages and opportunities,

particularly with new  instrument architectures

• Near-term opportunities include laser communications, high-resolution

ranging/mapping and atmospheric gas measurement/profiling/mapping.

• Yb fiber MOPA pumped OPO coupled with HgCdTe integrating detector

and sounder architecture offers great promise for a “universal” gas

detection/profiling/mapping instrument.
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Fiber lasers and amplifiers

SUMMARY (2)
• Two airborne instrument demonstration recently awarded (3 year program

culminating in airplane demonstration):

1. Laser Sounder for Atmospheric CO2 Measurements from Orbit -

Technology Improvements, Ground and Airborne Demonstrations, and

Space Instrument Definition [Single-frequency (1571 nm), 10 W ave, 100

W peak]

2. Push-Broom Laser Altimeter Demonstration for Space-Based
Cryospheric Topographic and Surface Property Mapping [1 μm

wavelength, 1- 10 kW peak]

• We look forward to further advances particularly in narrow linewidth high-

peak power devices and techniques to overcome limitations (e.g. SBS)


